The importance of Asn47 for structure and reactivity of azurin from Alcaligenes denitrificans as studied by site-directed mutagenesis and spectroscopy.
To study the importance of a rigid copper site for the structure and function of azurin, a mutant with a reduced number of internal hydrogen bonds around the copper has been prepared and characterized. To this purpose, the previously cloned azu gene from Alcaligenes denitrificans (Hoitink, C. W. G., Woudt, L. P., Turenhout, J. C. M., Van de Kamp, M., and Canters, G. W. (1990) Gene (Amst.) 90, 15-20) was expressed in Escherichia coli and an isolation and purification procedure for the azurin was developed. The azurin obtained after heterologous expression in E. coli appears spectroscopically indistinguishable from azurin derived from A. denitrificans. The hydrogen bonding network around the copper site was altered by replacing Asn47 by a leucine by means of site-directed mutagenesis. Asn47 is a conserved residue in all blue copper proteins of which the primary structure has been reported. Characterization of the mutant protein with UV-visible, electron spin resonance, and NMR spectroscopy, and comparison with the wild type azurin revealed that the structure of the copper site as well as the overall structure of the protein have been largely retained. The redox activity as measured by the electron self-exchange rate appears not to have changed either. However, the mutant differs from the wild type azurin with respect to stability and midpoint potential. Midpoint potentials of mutant and wild type azurin amount to 396 and 286 mV, respectively. The difference is due to sizable entropic and enthalpic contributions which to a large extent cancel. Possible explanations for the outcome of these experiments are discussed.